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METHOD AND APPARATUS FOR FABRICATING 
SEMICONDUCTOR DEVICES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method and 
apparatus for fabricating semiconductor devices, and 
more particularly relates to a wiring forming method of 
semiconductor devices using porous material with low 
dielectric constant as intermetallic dielectric and 
using copper as conductor material. 
Description of the Related Prior_Arts^ 

With respect to a wiring forming method of 
semiconductor devices using material with low 
dielectric constant, ^^Shingaku Giho; TECHNICAL REPORT 
OF lEICE, ED2000-136, SDM2000-118, ICD2000-72 ( 2 000-08 ) , 
pp. 87 - 92" (reference 1) discloses the title 
"'Technique for forming Cu dual damascene interconnects 
using low dielectric constant films". Further, as a 
cleaning technique, '"Gijutsu Joho Kyokai Shuppan 
(issued on December 27, 2000) pp. 295 - 305" (reference 
2) discloses the title "New material and process 
technique of the next generation of ULSI Interconnect" . 
Furthermore, as a resist ashing technique, there is a 
technique disclosed in "Japanese Published Unexamined 
Patent Application No. Hei 11 - 176818 (corresponding 
to U.S. Patent No. 6,232,237) (references 3 and 4). 

Prior to reaching the present invention, the 



present inventors have studied the following technique 
as a wiring forming method of semiconductor devices 
using material with low dielectric constant 
(hereinafter, called low-k dielectric) and copper. The 
method will be explained in accordance with the process 

diagram of FIG. 2. 

First, in (step 1) , a dielectric barrier film 
(e.g., an SiN film) 4 is deposited by CVD on a sample 
(an initial structure) having a copper layer 3 buried 
into the stacked-structure of a low-k film j^and a 
silicon oxide (TEOS) layer 2. In (step 2), a low-k film 

5 is coated thereon. In (step^S) , a mask material layer 

6 (e.g., TEOS) is deposited thereon. In (step 4), a 
material of the same kind of the dielectric barrier 
film 4 is deposited thereon as a mask^jnaterial layer. 7 . 
In (step 5) , a photoresist 8 is coated thereon to 
pattern a hole structure in the photoresist 8. In (step 
6) , the mask material lay^er J7_is dry-etched with the 
photoresist 8 as a mask to form^^^^l^ the 
mask material layer 7. In (step'7), the photoresist 8 
is removed. In (step 8) , a new photoresist 9_is coated 
to pattern a tr encb ^s t r u c t u re_Jji the photoresist 9. In 
(step 9) , the mask material layer 6 is dry-etched with 
the mask material layer 7 as a mask to form a hole 
structure in the mask material layer 6, thereby 
providing a hard-mask made of the mask material layer 6 

In (step 10) , the mask material layer 7 is etched 
with the photoresist 9 as a mask to form^atren^^ 



structure in the mask material layer 7, thereby 
providing a hard-mask made of the mask material layer 7 
In (step 11) , the low-k film 5 is subject to 
anisotropic dry etching with the mask material layer 6 
5 as a mask to form a hole structure (a via hole) 10. In 
(step 12), the mask materia l layer 6_i s d ry-etche d in a 
trench form with the mask^jn aterial layer. 7 as a mask. 
In this process, the photoresist 9 is removed at the 
same time. 

10 In (step 13), the low-k film 5 is subject to 

V 

anisotropic dry etching with the mask material layers 7 
and 6 as a mask to form a trench- structure recess 11. 
fin (step J^L^the dielectric barrier film 4 is removed 
by dry etching with the hole structure (the via hole) 
10 formed in the low-k film 5 as a mask opening to form 
a hole structure. At the same time, the mask material 
layer_7 of the same material of the dielectric barrier 
film 4 is removed by dry etching. In (step 15) , to 
remove a polymer containing copper 12 deposited on the 
inner wall surface of the via hole 10 in the previous 
process, a fluo rocajrbon— f^i~lm__13_,_d^ r 
wall surface of the trench-structure recess 11, and a 
copper degraded layer 14 formed on the surface of the 
^\copper layer 3, wet cleaning is perf ormed^using 
25 chemi cals _ c<Dnta.inirig_amina. In (step 16) , a Ta-TaN 

stacked film 15 is deposited by ^r^utte£ing^ In 
(step 17) , a copper layer 16 is deposited by the 
sputtering method. 
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In (ste p 18) , a copper film 17 is electrochemical 
deposited on the copper layer 16 deposited by 
sputtering in the previous process. In (step 19), 
excess portions of the copper layer 16, the copper film 
17, and the Ta-TaN stacked film 15 is removed by the 
CMP method (Chemical Mechanical Polishing) . Finally, in 
(step^O) , the wet cleaning is performed to obtain a 
wiring completion sample of the first layer. The 
processes 1 to 20 are performed repeatedly to form 
interconnect. 

In a high speed device, it is essential to use an 
insulating film with very low dielectric constant less 
^han 2.5. Such an insulating film is entirely porous, 
\that is, a low-k film like a sponge. The insulating 
film easily trap chemicals by the wet cleaning process 
and cannot be easily dried. The chemicals trapping of 
the porous low-k film is the principal problem. 

The wiring method illustrated in FIG. 2 using the 
A porous low-k film has the wet_cleaning process such as 
steps l^and 20^The porous low-k film traps chemicals 
in the wet cleaning process, so that moisture remains 
in the film. For example, when the above-mentioned 
method in reference 3 is used to omit two wet cleaning 
processes, the fluorocarbon film 13 can be removed by 
an H2O plasma processing. However,' since the polymer 
containing copper 12 cannot be removed, the polymer 
containing copper 12 remains and diffuses in the porous 
low-k film to deteriorate the electric property of the 



porous low-k film. In the method of reference 3 , as 
compared with the process of FIG. 2, since adhesion of 
the TEOS layer 2 to the dielectric barrier film 4 is 
poor, the layers are easily removed by thermal 
treatment . 

As described above, due to chemicals trapping 
property, remaining of the polymer containing copper or 
the copper degraded layer, and low adhesion, wiring 
forming of the porous low-k film and copper is very 
difficult currently . 

SUMMARY OF THE INVENTION 

Accordingly, to solve the foregoing problems, an 
object of the present invention is to provide a method 
and apparatus capable of forming good wiring of a 
porous , low-k film and copper. 

The present inventors have found that the wet 
cleaning of the previous process 15 has, in addition to 
three effects of (1) removal of the fluorocarbon film 
13, (2) removal of the polymer containing copper 12, 
and (3) removal of the copper degraded layer 14, a 
fourth effect, (4) removal of fluorine included into 
the TEOS film in the etching process 14 by pure water 
cleaning in the wet_cleaning process. 

The above-mentioned method of reference 3 has no 
wet cleaning processes including the pure water 
cleaning at all, fluorine included into the TEOS film 6 
in the etching process 14 remains. The present 



inventors have studied and found that the remaining 
fluorine lowers the adhesion of the dielectric barrier 
film 4 deposited on the TEOS film 6 in the second layer 
wiring forming process. 

In other words, the present invention provides ''A 
method for fabricating semiconductor devices comprising 
at least: a first step for forming a first insulating 
material layer (a dielectric barrier film) on a sample; 
a second step for forming on the first insulating 
material layer a second insulating material layer (a 
porous low-k film) with a dielectric constant less than 
2.5; a third step for patterning the second insulating 
material layer by a plasma etching method; a fourth 
step for depositing a metal film on the second 
insulating material layer by a sputtering method; a 
fifth step for forming a copper layer on the metal 
film; and a sixth step for removing an unnecessary 
portion of the copper layer by Chemical Mechanical 
Polishing, wherein all the processes from the third to 
the fourth step are performed under drying process 
conditions, and a pure water treatment for cleaning the 
sample with pure water is provided after the sixth 
step" . 

All the processes from the third step for 
patterning the second insulating material layer by a 
plasma etching method to the fourth step for depositing 
a metal film on the second insulating material layer by 
a sputtering method are performed under dry process 



conditions. It is thus possible to prevent the second 
insulating material layer with low dielectric constant 
from trapping chemicals, and to avoid the above- 
mentioned problem of the deteriorated wiring property. 
The treatment for cleaning the sample with pure water 
is newly provided. It is also possible to eliminate the 
above-mentioned problem of the deteriorated adhesion 
due to the remaining fluorine into the TEOS film 6, 
thereby forming good wiring. 

It is desirable not to expose the sample to the 
atmosphere during all the periods from the start of the 
third step for patterning the second insulating 
material layer by a plasma etching method to the end of 
the fourth step for depositing a metal film on the 
second insulating material layer by a sputtering method. 
It is possible to thoroughly prevent the second 
insulating material layer with low dielectric constant 
from trapping chemicals, thereby effectively avoiding 
the above-mentioned problem of the deteriorated wiring 
property. 

After the third step and before the fourth step, 
it is desirable to include an etching process for 
removing the first insulating material layer by etching 
by means of plasma of a mixed gas containing NF3 and Ar 
through an opening patterned in the second insulating 
material layer (the dielectric barrier film) in the 
third step. The mixed gas plasma containing NF3 and Ar 
is used to reduce a bias electric power applied to the 



sample. The copper as the substrate can be prevented 
from being etched. The polymer containing copper will 
not be deposited. The effect of the NF3 gas can remove 
the fluorocarbon film. 

In the process for plasma etching the first 
insulating material layer (the dielectric barrier film) , 
the bias electric power per unit sample area applied to 
the sample is desirably below 0.16W/cm^. It is thus 
possible to effectively prevent the copper as the 
substrate from being etched. 

The processing pressure in the process for plasma 
etching the first insulating material layer (the 
dielectric barrier film) is desirably set to below 
0.5Pa. It is thus possible to prevent SiF or CF 
generated by etching of the dielectric barrier film 
(Sic film) from being deposited again on the sample as 
a foreign matter. 

Immediately after the process for plasma etching 
the first insulating material layer (the dielectric 
barrier film) , it is desirable to provide a process for 
subjecting to the sample an O2 or H2 plasma processing. 
In the plasma etching process immediately before the O2 
or H2 plasma processing, the bottom surface of the 
processing hole (the via hole), that is, the 
fluorinated surface of the copper layer as the 
substrate can be recovered to a clean surface. 

The present invention provides ''A plasma etching 
processing apparatus comprising: a sample table for 
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placing a sample provided in a reduced pressure 
processing chamber; gas introduction means for 
introducing a processing gas into the reduced pressure 
processing chamber; exhaust means for exhausting the 
processing gas out of the reduced pressure processing 
chamber; and means for generating plasma of the 
introduced processing gas in the reduced pressure 
processing chamber, further comprising: magnetic field 
apply means for applying a magnetic field to the sample 
provided on the back surface of the sample; and voltage 
apply means for ON-OFF applying to the sample a 
negative DC voltage in which the OFF period of the ON- 
OFF application is below 10"^ seconds". 

The mutual effect of an electric field 
perpendicular to the sample surface formed by means of 
a negative DC voltage ON-OFF applied to the sample by 
the voltage apply means and a magnetic field formed in 
parallel with the sample surface by means of the 
magnetic field apply means can efficiently generate 
plasma of the etching gas introduced from the gas 
introduction mechanism. The negative voltage applied to 
the sample accelerates positive ions in the generated 
plasma which are then radiated into the sample surface 
to promote the etching reaction of the sample. 
Electrons are radiated into the sample surface during 
the apply OFF period of the apply negative voltage to 
prevent charging-up of the positive electric charge to 
the sample by the positive ion radiation. The charging- 



up prevention mechanism permits good etching of the 
insulating material such as the TEOS, SiN, SiC, or low- 
k film. Since a positive voltage is not applied to the 
sample, the positive ions are not accelerated and 
radiated into the inner wall surface of the processing 
chamber. Few foreign matters or metal contaminants are 
caused by cutting away the inner wall material of the 
processing chamber. The apply OFF period zJt of the 
apply negative voltage is set to below 10"^ seconds 
which is sufficiently short. During the short apply OFF 
period Zit, the positive ions cannot reach the inner 
wall surface of the processing chamber. The inner wall 
material of the processing chamber will not cut away by 
ion bombardment. 

The present invention provides a dry etching 
method comprising using the plasma etching processing 
apparatus to etch an insulating film deposited on a 
copper layer provided on a sample under the conditions 
of the negative DC voltage of below 200V. In this 
manner, the negative DC voltage applied to the sample- 
is set to below 200V to etch the insulating film 
deposited on the copper layer. The copper layer 3 as 
the substrate will not be etched at all. The polymer 
containing copper will not deposited on the inner wall 
surface of the processing hole or processing trench. 

The present invention provides ''An apparatus for 
fabricating semiconductor devices comprising a 
sputtering processing chamber for depositing a metal 
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film on a semiconductor sample by a sputtering method; 
. and an etching processing chamber for etching an 
insulating film on the semiconductor sample by a dry 
etching method, further comprising: a plasma processing 
chamber for performing a plasma processing of the 
semiconductor device; and exhaust gas processing 
equipment capable of subjecting both combustible gas 
and combustion buck up gas to an exhaust gas process. 
In this manner, the exhaust gas processing equipment 
capable of subjecting both combustible gas and 
combustion buck up gas to an exhaust gas process is 
added to subject the semiconductor sample to a desired 
process using both combustible gas such as H2 and 
combustion buck up gas such as NF3 or O2 and to subject 
both combustible gas and combustion buck up gas 
exhausted from the processing chamber to an exhaust gas 
process. Here, the combustion buck up gas is a gas 
supporting or promoting the combustion of the 
combustible gas . 

The apparatus for fabricating semiconductor 
devices is desirably provided with gas introduction 
means for introducing at least three gases of NF3, H2, 
and O2 into the processing chamber. The three-gas 
introduction means is provided to remove the 
fluorocarbon film by NF3 gas plasma. The oxidation 
effect by O2 gas plasma and the reduction effect by H2 
gas are used to recover the contaminated (f luorinated) 
copper layer surface to a clean surface. 



FIG. 1 shows a basic process diagram of a method 
for fabricating semiconductor devices according to the 
present invention. A new process of the present 
invention is largely different in the following points 
from the process shown in FIG. 2. 

(1) First, in st ep j^of JFI G. 1 , a mixed gas of 
NF3 and Ar is^used^ to etch the dielectr ic bar rier . f.llm,. 
4 . In this case, the bias electric power per unit area 
applied to the sample is below 0.16W/cm . Under the 
conditions, since the copper layer 3 is not etched at 
all, the polymer containing copper is not deposited on 
\the inner wall surface of the via hole 10. The effect 
f the NF3 gas can effectively remove th,e fluorocarbon 
film on the inner wall surface of the trench 11 or the 
via hole 10 from the step 9 to 13. 

In the process described above, the fluorocarbon 
film or the polymer containing copper will not 
deposited on the inner wall surface of the hole or 
trench. Since the degraded layer of the copper layer 3 
surface is removed, the wet cleaning process after , 
etching is unnecessary. Wet cleaning is not performed 



in sjteg_^6^j_and the process for depositing the next Ta- 
TaN stacked film 15 can be done immediately. The 
problem of chemicals trapping of the wet cleaning will 
not be caused. 

Unlike the above-mentioned method of reference 3, 
a wet cleaning process 21 is provided after a CMP 
process 20. In the wet cleaning after the CMP process. 



since the low-k film is not contacted directly with 
chemicals, the problem of chemicals trapping will not 
be caused. The remaining fluorine in the TEOS film 6 as 
^ the mask material layer can be removed by the pure 
\^ water treatment in the wet cleaning process. 

Other object, construction, and effect of the 
present invention will be naturally apparent in the 
detailed description with the following embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a process diagram showing a wiring 
forming method of a semiconductor device according to 
the present invention; 

FIG. 2 is a process diagram showing one example 
of a wiring forming method studied prior to the present 
invention ; 

^ FIG. 3 is a diagram showing the outline 

construction of the semiconductor fabricating apparatus 
for use in the wiring forming of the semiconductor 
device according to the present invention; 

FIG. 4 is a diagram showing the outline 
construction of a plasma processing apparatus for use 
in the wiring forming of the semiconductor device 
according to the present invention; and 

FIG. 5 is a diagram showing change of an apply 
negative voltage to a sample (wafer) in the plasma 
processing apparatus shown in FIG. 4 with time. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described in detail 
hereinbelow by the embodiments with reference to the 

r 

drawings . 
(Embodiment 1) 

FIG. 1 shows a series of processes of a method 
for forming wiring having a porous low-k film (an 
insulating film) and a copper layer (a conductor layer) 
of one embodiment of the present invention. In this 
embodiment, a wiring having a porous low-k film and a 
copper layer is formed according to this process. 

First, a sample (initial structure) having a 
copper wiring layer 3 buried in the stacked-structure 
of a porous low-k dielectric 1 and a TEOS film 2. In 
(step 1) , an SiN film as a dielectric barrier film 4 is 
deposited thereon by a CVD method. Thereafter, in (step 
2) , a porous low-k film 5 made of organic material is 
coated thereon. In (step 3) , a TEOS film as a mask 
material layer 6 is deposited thereon by the CVD method. 
In (step 4) , an SiN film as a mask material layer 7 is 
deposited thereon by the CVD method. In (step 5) , a 
photoresist 8 is patterned. In (step 6) , with the 
photoresist 8 as a mask by plasma of a mixed gas of 
CHF3, Ar and O2, the SiN film as the mask material 
layer 7 is dry-etched to pattern a hole structure in 
the mask material layer 7. 

In (step 7) , the photoresist 8 is removed. In 
(step 8) , a new photoresist 9 is patterned. In (step 9) , 



with the mask material layer 7 as a mask by plasma of 
the mixed gas of CsFs, Ar and O2, the TEOS film as the 
mask material layer 6 is dry-etched to pattern a hole 
structure in the mask material layer 6. In (step 10) , 
with the photoresist 9 as a mask by plasma of the mixed 
gas of CHF3, Ar and O2, the SiN film as the mask 
material layer 7 is dry-etched to form an SiN film mask 
having a trench structure. In (step 11), plasma of NH3 
gas is used to subject the porous low-k film 5 to 
anisotropic dry etching through the hole structure of 
the mask material layer 6, thereby forming a via hole 
10. In (step 12) , with the mask material layer 7 having 
a trench structure as a mask by plasma of the mixed gas 
of C5F8, Ar and O2, the TEOS film as the mask material 
layer 6 is dry-etched to form a trench structure in the 
mask material layer 6. In this process, the photoresist 
9 is also removed by etching at the same time. 

In (step 13) , plasma of NH3 gas is used to ^ . 
subject the porous low-k film^^to anisotropic dry 
etching through the trench structure of the mask 
material layers 6 and 7 to form a trench-structure 
recess 11. In (step 14), plasma of a mixed gas of NF3 
and Ar is used to form a hole structure in the SiN film 
as the dielectric barrier film 4, and to remove the SiN 
film as the mask material layer 7 by dry etching. Here, 
since, in (| tep 14) , the plasma of the mixed gas of NF3 
and Ar is used, the fluorocarbon film will not be 
deposited on the trench "sTdi"~surf ace . Since the plasma 



of ^he mixed gas of NF3 and Ar is used, the bias 
electric power to be applied to the sample (wafer) can 
be reduced. In the prior art process using CHF3 gas, 
the apply bias electric power per unit sample area must 
jbe higher than 0.64W/cm^. On the contrary, the process 
using a mixed gas of NF3 and Ar according to the 
present invention permits etching with an apply bias 
electric power which is below 0.16W/cm^ which is a 
quarter of that of the prior art. When the apply bias 
felectric power is reduced to below 0.16W/cm^ in this 
process, the copper layer 3 is hardly etched. Thus, the 
polymer containing copper will not be deposited on the 
inner wall surface of the via hole 10. For this reason, 
the wet cleaning process for removing the fluorocarbon 
film or the polymer containing copper is unnecessary. 

On the other hand, the surface of the copper 
layer 3 is fluorinated by the process with plasma 
containing NF3 gas of the step 14. To remove the 
fluorinated copper layer 18, in (step _15)^, the 
fluorinated copper layer 18 is oxidized by an O2 plasma 
^processing to be substituted by a copper oxide layer 19. 
In (step 16) , the copper oxide layer 19 is reduced and 
removed by an H2 plasma processing to generate a clean 
copper layer surface 20. In (step 17) , a Ta^^?^ stacked 
film 15 is deposited by a sputtering method. In (step 
18) , a copper layer 16 is deposited by the sputtering 
method. In (step^^^S)^, a copper film 17 is 
electrochemical deposited on the copper layer 16 



deposited by sputtering. In (step 20) , the excess 
copper layer portions 16 and 17 and the Ta-TaN stacked 
film portion 15 are removed by a CMP method. After the 
CMP removing process, in (step 21), remaining fluorine 
in the TEOS film 6 is removed by wet cleaning including 
I pure water cleaning. The cleaned sample is repeatedly 
subject to the processes in the order from the CVD 
(deposition process of the SiN film of the step 1 to 
form interconnect. 

When the cleaning process of the step 21 is 
omitted, fluorine remains in the TEOS film 6 or 2 . The 
adhesion of the dielectric .barrier film 4 to the TEOS 
film 6 or 2 deposited in the next step 1 is poor. In 
the subsequent thermal treatment or wire bonding, a 
stress applied to the wafer easily causes removing at 
the interface of the dielectric barrier film 4 and the 
TEOS film 2. 

In the above-mentioned wiring forming method of 
the present invention, fluorine in the TEOS film 6 or 2 
is removed preferably in the cleaning of the step 21. 
The adhesion of the dielectric barrier film 4 deposited 
on the TEOS film 6 or 2 in the next step 1 is very high. 
Thus, the wiring forming yield can be improved greatly. 
This method has no process for directly contacting the 
porous low-k film with the cleaning chemicals.. The 
problem of chemicals trapping of the porous low-k film 
can be improved significantly. 

The wiring of the porous low-k film and the 



copper layer formed by the wiring method of the present 
invention has high reliability and high yield as 
compared with the prior art wiring method. In this 
embodiment, the SiN film is used as the dielectric 
barrier film 4 and the mask material layer 7 , and the 
TEOS film is used as the mask material layer 6. Other 
material may be used to give the same effect. Further, 
in this embodiment, the organic film is used as the 
porous low-k films 1 and 5. In the case of a film 
having an SiOH group or a film having an SiO group, a 
gas containing F and a mixed gas containing Ar are used 
in the dry etching of the previous steps 11 and 13, the 
same effect can be obtained. 
(Embodiment 2) 

The steps 14, 15 and 16 of Embodiment 1 require a 
plasma processing apparatus causing few foreign matters 
yor metal contaminants. The plasma processing apparatus 
therefor is shown in FIG. 4. This apparatus has a 
reduced pressure processing chamber 21, a sample table 
23 for placing a processed sample 22, an exhaust 
mechanism 24 for exhaustion in the reduced pressure 
processing chamber 21, and a mechanism 25 for 
introducing gas into the reduce|d pressure processing 
chamber 21, and further is equipped with magnets 26 
provided on the back surface of the sample 22 for 
generating a magnetic line of force in parallel with 
the sample surface. This apparatus has a power supply 
27 for applying voltage to the sample 22. The power 
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supply 27 intermittently applies a negative DC voltage 
Vo as shown in FIG. 5 to the sample 22. There is 
generated plasma 28 of an etching gas introduced from 
the gas introduction mechanism 25 by the mutual effect 
of an electric field perpendicular to the sample 22 
generated by the apply negative voltage and a magnet 
field in parallel with the sample surface generated by 
the magnet 26. The positive ions in the plasma 28 are 
radiated into the sample 22 by the negative voltage 
applied to the sample 22 to promote the etching 
reaction of the sample. During the apply OFF period of 
the DC voltage, the electrons in the plasma 28 are 
radiated into the sample 22 to neutralize charging-up 
of the sample 22 by the previous positive ion radiation 
The charging-up neutralizing function permits etching 
the insulating material such as the TEOS , SiN, SiC, and 
low-k film. In this apparatus, since there is no timing 
in which a positive voltage is applied to the sample 22 
positive ions will not be accelerated and radiated into 
the inner wall of the reduced pressure processing 
chamber. For this reason, few foreign matters or metal 
contaminants are caused by cutting away the inner wall 
material of the reduced pressure processing chamber 21. 

In particular, when the apply OFF period Zlt of the 
negative DC voltage to the sample 22 is shorter than 
10'^ seconds, the ions cannot reach the inner wall of 
the processing chamber 21 during the apply OFF period 
Zlt of the of the DC voltage. The inner wall material 



of the processing chamber 21 will not be cut away at 
all by ion bombardment. 

This apparatus is used to execute the step 14 of 
Embodiment 1. The gas introduction mechanism 25 
introduces a mixed gas of NF3 and Ar into the 
processing chamber 21. The negative DC voltage is 
intermittently applied (or ON-OFF applied) to the 
sample 22 to etch the dielectric barrier film (the SiC 
film) 4. When the pressure in the processing chamber 21 
is set to below 0.5Pa, SiF or CF generated by etching 
the Sic film is found to be prevented from being 
deposited on the sample 22 again as foreign matter. 
When the apply negative voltage Vo of FIG. 5 is set to 
below 200V, the copper layer 3 as the substrate is not 
etched at all. It is thus found that the polymer 
containing copper is not deposited on the inner wall 
surface of the via hole 10 or the trench-structure 
recess 11. 

(Embodiment 3) 

In the wiring method shown in Embodiment 1, 
during the period from the etching process of the mask 
material layer 6 of the step 9 to the sputtering 
process of the Ta-TaN stacked film 15 of the step 17, 
the surface of the porous low-k film 5 is exposed to 
the inner space of the processing chamber 21. The 
sample 22 is contacted with the atmosphere during this 
period, the porous low-k film can trap chemicals due to 
moisture in the atmosphere. To avoid the problem of the 



chemicals trapping, there is needed a semiconductor 
fabricating apparatus capable of continuously 
performing in the vacuum the drying process from the 
step 9 to 17. FIG. 3 shows one construction example of 
the semiconductor processing apparatus capable of 
continuously performing in the vacuum these steps. This 
apparatus has a reduced pressure processing chamber 29 
capable of etching a mask material layer, a reduced 
pressure processing chamber 30 capable of etching a 
porous low-k film, a reduced pressure processing 
chamber 31 capable of etching a dielectric barrier film 
using plasma of a mixed gas of NF3 and Ar, a reduced 
pressure processing chamber 32 capable of performing 
post-treatment using plasma of the H2 gas and O2 gas, a 
reduced pressure processing chamber 33 capable of 
depositing a metal film by a sputtering method, a 
reduced pressure processing chamber 34 for connecting 
these processing spaces under reduced pressure, and a 
carrying robot 35 permitting carrying in the vacuum. 
This apparatus uses both combustible gas such as H2 and 
combustion buck up gas such as NF3 or O2 . This 
apparatus has exhaust gas processing equipment 36 
capable of exhaust gas processing both combustible gas 
and combustion buck up gas. 

The flow of the wiring forming process in this 
semiconductor fabricating apparatus will be described 
below. The sample is carried from a carry-in port 37 
into the reduced pressure processing chamber 29 for 



mask etching so as to be subject to the mask processing 
of the steps 9 and 10 of Embodiment 1. Thereafter, the 
sample is carried in the vacuum by the carrying robot 
35 into the reduced pressure processing chamber 30 for 
low-k film etching so as to be subject to the porous 
low-k film etching of the step 11. Then, the sample is 
carried again into the reduced pressure processing 
chamber 29 for mask etching so as to be subject to the 
mask processing of the step 12. The sample ' is carried 
into the reduced pressure processing chamber 30 for 
low-k film etching so as to be subject to the low-k 
film etching of the step 13. The sample is carried into 
the reduced pressure processing chamber 31 for 
dielectric barrier film etching so as to be subject to 
the dielectric barrier film etching of the step 14. The 
sample is carried into the reduced pressure processing 
chamber 32 for post-treatment so as to be subject to 
the O2 plasma processing of the step 15 and the H2 
plasma processing of the step 16. Finally, the sample 
is subject to the metal film deposition process of the 
step 17 in the reduced pressure processing chamber 33 
for sputtering so as to be fetched from a carry-out 
port 38 out of the apparatus (in the atmosphere) . 

The apparatus construction shown in FIG. 3 can 
perform all the processes from the step 9 to 17 without 
exposing the sample to the atmosphere at all. The 
problem of chemicals trapping of the porous low-k film 
due to the moisture in the atmosphere can be avoided 



thoroughly. Wiring forming having higher reliability 
can be done to improve the yield of fabricating the 
semiconductor devices. The reduced pressure processing 
chamber 32 for post-treatment and the reduced pressure 
processing chamber 31 for dielectric barrier film 
etching have the same construction as that of the 
plasma processing chamber of Embodiment 2. Thus, the 
problem of foreign matters and contaminants can be 
eliminated so as to fabricate semiconductor devices 
having very high reliability. 

As is apparent from the detailed description, 
according to the present invention, in wiring forming 
of a semiconductor device using a material with low 
dielectric constant such as the porous low-k film as 
intermetallic dielectric, the material with low 
dielectric constant can be prevented from trapping 
chemicals so as to permit wiring forming having high 
reliability, thereby greatly improving the yield of 
fabricating the semiconductor device. 



